Psoriatic arthritis (PsA) is the second most common inflammatory arthropathy,
Introduction
Psoriasis (PsO) is a common dermatosis characterised by thickened, red and scaly plaques [1] . PsO affects up to 2% of the population, often presenting in adolescence, on the scalp, and the extensor surfaces of the elbows and knees, although covert lesions may occur in the natal cleft, the navel or in the perineum. Psoriatic arthritis (PsA) develops in 10 to 40% of PsO patients depending on the source of the study population, as in an academic teaching hospital or in the community. In 80% of patients the arthritis manifests after the development of PsO, often by 10 years or more [2] .
PsA may appear in a very similar clinical pattern to rheumatoid arthritis (RA), as a symmetrical small joint arthropathy involving the wrists, metacarpophalangeal joints and the proximal interphalangeal joints. In contrast, patients may develop asymmetric joint involvement, including a characteristic inflammatory arthritis of the distal interphalangeal joints, often colocalised with trophic changes in the associated nail. Patients are now defined as negative for circulating rheumatoid factor. In addition to PsO, PsA has a number of long-recognised associated clinical features including dactylitis, enthesitis, spondylitis and uveitis, the latter three resulting in grouping of PsA in the classification of seronegative spondyloarthropathies. The nail dystrophy includes features such as pitting and onycholysis that are present in up to 60% of patients with PsO, and equally may affect the fingernails and the toenails [3] . The association of the nail dystrophy with arthritis at the distal interphalangeal joint has recently led to the proposal of a common pathophysiologic mechanism [4] . A polyarticular or oligoarticular peripheral arthritis will account for 75% of new cases of PsA, but patients may present with a pure spondylitis on a clinical background of PsO [2] .
Many different clinical classifications have been proposed for PsA since the original subtypes were described in 1973; however, the most recent was developed by an international multicentre study resulting in the CASPAR criteria and has now been widely adopted [5] . Five hundred and eighty-eight PsA patients were compared with 536 consecutive controls in a prospective clinical study examining these diagnostic criteria in relation to existing classification criteria in defining PsA. The CASPAR criteria have 98% specificity and 91% sensitivity.
There are reports suggesting that PsA is a benign arthropathy and erosive bone damage is uncommon [6] , but Kane and Pathare examined an early arthritis clinic cohort followed up over 2 years and reported significant bone erosions in as many as 50% of PsA patients despite apparently good disease control with disease-modifying anti-rheumatic drugs such as methotrexate [7] . The primary objective in the management of PsA is to relieve signs and symptoms of the arthritis, but increasingly treatment strategies also aim to preserve function, prevent disability and maintain quality of life. These therapeutic strategies have targeted both the skin and joint features of disease, and more recently have set out to prove efficacy in the associated features of nail dystrophy, dactylitis, enthesitis, uveitis and spondylitis. As in the management strategies for RA, early diagnosis and introduction of effective treatment is pivotal to control inflammation, and prevent damage and disability. Over the last 12 years the use of targeted biologic therapies, namely tumour necrosis factor inhibitor (TNFi) agents, has revolutionised the therapy of both PsO and PsA, such that the combination therapy of methotrexate plus a TNFi is a widely used therapeutic intervention in PsA [8] . The spectrum of targeted therapies using specific biologic agents to block the inflammatory cascade has further been expanded to include IL-17 and IL-12/23. In addition, there is evidence to support using the CD80/86 receptor costimulatory molecule abatacept to treat PsA [9] . More recently, several small molecular inhibitors are in development and will undoubtedly be developed for the treatment of PsO and PsA.
Pathophysiology of psoriatic arthritis
In PsO and PsA, as in many autoimmune and autoinflammatory diseases, there is a complex interaction of genetic and environmental factors leading to a selfsustained and persistent immune response. What is not clear, however, is the relationship between skin disease and joint disease, because it now appears they may have independent rather than shared genetic associations. In addition, the evidence for environmental influences is limited due to the heterogeneous clinical phenotypes. As a result, the debate continues in relation to PsO and PsA being different manifestations of the same disease [10] .
The broad clinical spectrum in PsA disease probably reflects a significant genetic heterogeneity, evident from the results of the numerous early human leukocyte antigen (HLA) association studies [11, 12] . The more recent genome-wide association studies provide further evidence of genetic heterogeneity; although modest in size, they do suggest links between key factors in the immune responses both locally in the skin and also systemically, implicating both innate and adaptive immunity [13, 14] . Genes identified in relation to specific networks of signalling molecules implicated in the barrier function of skin include LCE3, DEFB4, and GJB2, while TNFAIP3, TNIP1, NFKBIA, REL, FBXL19, TYK2, and NOS2 involved in nuclear factor-κB and interferon signalling are implicated in the innate immune system, and HLA-C, IL-12B, IL-23R, IL-23A, TRAF3IP2, and ERAP1 relate to CD8 T-lymphocyte and IL-23/IL-17-mediated lymphocyte signalling in the adaptive immune response [13] [14] [15] . In another recent report, the RUNX3 gene has been reported to be overexpressed in patients with PsO and PsA. RUNX3 is an important transcriptional regulator of CD8 T-cell differentiation, so this observation provides further evidence for the potential role of CD8 T-cell-dependent pathways in PsA [16] .
In a review of the genome-wide association study data, Bluett and Barton highlight that, of all the genetic associations, many are in fact shared between PsO and PsA, except for HLA B27 and the IL-13 gene locus [17] . In addition to the HLA B27 link between PsA and ankylosing spondylitis, a number of other shared genetic associations have been confirmed including those implicated in lymphocyte signalling, notably ERAP1, IL-23R and IL-12B [18] . An interesting functional link has been described in an animal model of enthesitis, in which a unique IL-23R + , RAR-related orphan receptor γt + CD3 + CD4 -CD8 -, stem cell antigen 1 + T-cell subset is resident at the entheseal insertion [19] . This is evidence that IL-23 is essential for the development of enthesitis by acting on this unique resident T-cell subset. The importance of these observations in novel drug development is clear because the IL-17/IL-23 axis is now being targeted with new monoclonal antibody therapies in PsO and is under investigation (phase II studies) for the treatment of PsA. The association with HLA B27 and CD8 T-lymphocyte function also supports a potential pathogenic role as the major histocompatibility complex class I molecules may present arthritogenic peptides to CD8 + T lymphocytes or select an autoreactive T-cell repertoire.
There is some evidence that trauma or infection may be a potentially important environmental trigger in genetically susceptible individuals for both PsO and PsA. One early study did report an association between trauma and the later development of PsA in a digit, which was known as the deep Koebner response after the well-described Koebner response phenomenon in PsO [1] . Although the mechanism of the Koebner phenomenon is poorly understood, stimulation of sensory nerve endings and release of proinflammatory neuropeptides, as a result of trauma, probably trigger an immune response [20] . Neuropeptides, including substance P and vasoactive intestinal peptide, are reported as overexpressed in lesional skin of PsO patients and in synovial tissue of PsA [21, 22] . A role for psychological stress has also been proposed, although it is difficult to elucidate a mechanistic pathway for stressit may also be linked to neuropeptide release within the central nervous system. A small number of studies and case reports provide some evidence of a temporal link between physical trauma and the onset of PsA [23, 24] .
A close relationship has been reported between streptococcal infections and the onset of a subset of skin disease, guttate PsO, which appears to be linked to the HLA-Cw*06 genotype [25] . The presence of bacteria or related antigens, however, has not been described in the synovial tissue from joints of PsA patients. HIV has also been associated with an increased incidence of developing PsO and PsA, which raises the possibility that specific CD8 + T cells play a pathophysiological role in the skin and joint disease [26] .
Innate and adaptive immunity appears to be dysregulated in patients with PsO and PsA. As mentioned above, the recent genome-wide association studies provide evidence that nuclear factor-κB and interferon signalling, key regulators in the innate immune system, are associated with both PsO and PsA. In addition, there is evidence that genes associated with the adaptive immune response, in particular T-helper type (Th)1 and Th17 cells, are also associated with these diseases. In PsO skin lesions, the genomic data implicate T cells but also dendritic cells as key in the inflammatory process, while interferon-gamma and tumour necrosis factor (TNF)α appear to be the key cytokines. In early PsO skin lesions, the plasmacytoid dendritic cells appear to be increased in numberthese may be activated in a Toll-like receptor-9-dependent mechanism by trauma, as suggested above, or infection, for example antimicrobial peptide LL-37 cathelicidin [27] . In PsO skin the plasmacytoid dendritic cell has an important inducer role by release of interferon-alpha [1] . At the same time, keratinocytes in the expanded PsO epidermis are a rich source of proinflammatory trigger molecules including antimicrobial peptides such as LL-37, β defensins and S100A7 (psoriasin) that appear to be regulated by IL-23 [28] . Th1 differentiation appears to be dependent in particular on IL-12, the main source of which is the dendritic cells. Th1 cells secrete mainly interferon-gamma, TNFα and IL-1, but the importance of IL-17, produced mainly by Th17 cells but also possibly by neutrophils and mast cells, has increasingly been recognised in the past few years [29] . The Th17 cell may be especially important in the immune responses and barrier function of the skin, because it also secretes IL-22, a key cytokine driving adaptive immune cell function and keratinocyte proliferation. The production of IL-17 by Th17 cells appears to be largely under the influence of IL-21, a mechanism that involves activation of the signal transducer and activator of transcription (STAT) signalling pathway [30] , and is an important observation in relation to kinase inhibitors that may soon be available for the treatment of PsO and PsA.
Braverman and Yen described morphological vascular changes in PsO skin in the early 1970s [31] . The subsequent revelation that T cells undergo clonal expansion only after they migrate across the vascular endothelium suggests a key primary role for these cells in the evolution of the inflammatory lesion in PsO and PsA.
Many angiogenic cytokines including TNF, transforming growth factor beta, platelet-derived growth factor, and vascular endothelial growth factor are overexpressed in PsO skin and may be responsible for inducing changes in effector cell function as well as in endothelial cell function and growth. Similar morphological changes have been described in the synovial blood vessels in the PsA joint, and recently we have described associations with significant functional changes in infiltrating immune cells at a molecular level [32] . This further suggests that vascular endothelial cells participate actively in the immune response rather than act as a passive conduit for lymphocytes and monocytes entering inflamed tissues. Indeed, there is a close link between angiogenesis, inflammation, tissue hypoxia and the production of cytokines and matrixdegrading enzymes such as the metalloproteinases that facilitate effector cell activation and migration in the synovial tissue in vivo [33] .
The chronic inflammatory lesion in PsO and in PsA appears fundamentally reliant on the presence of a brisk and persistent vascular response, which in turn is directly related to joint damage and possibly bone erosion. Many of the destructive matrix metalloproteinase enzymes are upregulated in the synovium, usually in response to cytokines (for example, IL-1 and TNFα). Bone erosion and severe osteolysis in a subgroup of PsA patients has led to a focus on the role of the osteoclast. Increased osteoclast activity at the cartilage-pannus junction also appears to be associated with increased receptor activator of nuclear factor-κB ligand expression and reduced osteoprotegerin. In a recent report, we have shown that the receptor activator of nuclear factor-κB ligand/osteoprotegerin can be altered via histamine acting through an orphan receptor in human chondrocytes. [34] . Osteoclast precursor cells have recently been described circulating in increased numbers in peripheral blood of PsA patients but may be suppressed following treatment with TNFi agents [35] .
Drug development for psoriatic arthritis
The aim of treatment for PsA patients is to provide symptom relief, to prevent disability, to maintain function and to improve quality of life. In this respect, the introduction of biologic agentsmostly in combination with conventional disease-modifying anti-rheumatic drugs methotrexate, leflunomide, and salazopyrinehas revolutionised PsA therapy. In particular, the TNFi drugs appear to effectively inhibit the inflammatory response, while also preventing bone erosion, thereby preserving function and quality of life. New targeted biologic therapies have recently been reported as effective, including anti-cytokine drugs against TNFα, IL-17 and IL-12/23, while the co-stimulatory molecule CTLA4Ig has also been shown to be effective in PsA. Small molecule inhibitors targeting kinases, which are delivered per oral, may be developed for the treatment of PsO and PsA.
Tumour necrosis factor inhibitor therapy for psoriatic arthritis
TNF targeted therapy appears to be highly effective for the symptoms and signs of peripheral joint arthritis; however, in contrast to conventional disease-modifying anti-rheumatic drug agents, TNFi drugs also appear highly effective in treating spinal symptoms [8] . There are now five TNFi agents available, all showing apparently equivalent efficacy in the skin and joint manifestations of PsO and PsA [36, 37] . TNFi agents are costeffective and inhibit radiological progression of bone erosions in peripheral joints, maintain function and improve quality of life [38] . The results from the British Society for Rheumatology Biologics Register observational cohort study highlight the effectiveness of TNFi therapy in the treatment of patients with PsA [39] . The more recently developed TNFi agents golimumab and certolizumab pegol have also been shown effective in the treatment of PsA [40, 41] . Golimumab is a nextgeneration TNF-targeting monoclonal antibody with high affinity, greater TNF-binding capacity and therefore a dosing interval extended to once a monththe reduced frequency of self-injection may be attractive to patients. Certolizumab pegol is a polyethylene glycolylated Fab′ fragment of a humanised monoclonal antibody, the polyethylene glycol moiety markedly increasing the halflife of the drug. In contrast to other TNFi agents, certolizumab pegol did not mediate increased levels of apoptosis, suggesting that these mechanisms are not essential for the TNFi effect [42] .
Novel biologic therapies for psoriatic arthritis
In recent years, a number of biologic agents have been developed against candidate targets identified by studies of the pathophysiology of PsA. T-cell receptor activation follows interaction and binding of the T-cell surfaceexpressed CD28 molecule with the CD80/86 molecule on the surface of the antigen-presenting cell, producing a second costimulatory signal. Abatacept is a soluble, fully human fusion protein consisting of the extracellular domain of CTLA-4 linked to a modified Fc portion of human IgG1. Expression of CTLA-4 after activation competes with CD28 binding to CD80/86, which in turn leads to homeostatic downmodulation of activated T cells. Abatacept therefore selectively inhibits T-cell activation via competitive binding to CD80/86 and subsequent reduction in the levels of proinflammatory cytokines [43] . At higher doses, abatacept has been shown effective in the treatment of a significant subgroup of PsA patients [9] .
Probably the most significant advances in our understanding of the pathophysiology of PsO and PsA, as outlined above, are around the IL-17 and IL-12/IL-23 pathway and the characterisation of the Th17 cell. Several monoclonal antibodies have been developed and shown to be effective in targeting this key regulatory pathway in patients with PsO and/or PsA. A first study shows the effects of secukinumab, a fully human anti-IL-17A monoclonal antibody, in a small proof-of-concept study; the second demonstrates efficacy of a fully human anti-IL-12/IL-23 monoclonal antibody, ustekinumab, in a large, phase III randomised controlled trial [44, 45] . The secukinumab study included 42 patients for 24 weeks and failed to meet the primary endpoint; however, significant improvements in secondary measures were observed. Ustekinumab, recently approved for use in PsA by the US Food and Drug Administration, was studied in over 600 active PsA patients and showed significant responses compared with placebo over 52 weeks and may offer an alternative therapeutic mechanism of action to currently approved biological treatments. Finally, the two anti-IL-17 receptor antibodies brodalimumab and ixekizumab have been shown in short phase II studies to be significantly beneficial in plaque PsO, but studies in PsA are awaited [46, 47] .
Small molecule inhibitors for psoriatic arthritis
Biologic therapies have offered a major advance in the treatment of PsA over the past decade. In our experience, a remission rate of 60% may be achieved in routine clinical practice, but some patients demonstrate an inadequate or poor response [48] .
The most recent advances in drug development have focused on small molecule inhibitors, including the phosphodiesterase 4 inhibitor apremilast, in PsO, PsA and RA, and the kinase inhibitors in RA and PsO. Some long-term results of a large phase III randomised controlled trial (PALACE 1 study) of apremilast in PsA were presented at the recent European League Against Rheumatism meeting [49] . Over 60% of patients receiving 20 mg twice daily and completing 52 weeks of the study demonstrated an American College of Rheumatology 20% improvement response. There were no new safety concerns, although tolerability due to gastrointestinal disturbances can be an issue in the short term. There are a number of kinase inhibitors targeting Jak1/2, Jak3, and Syk in development, and tofacitinib targeting primarily Jak3 is now licensed for use in RA patients in the USA, Japan and Switzerland. Tofacitinib has been the subject of detailed and extensive clinical trials in RA patients, demonstrating significant benefit for the signs and symptoms of RA, and inhibits radiological progression [50] . Furthermore, a phase IIb study of tofacitinib has shown significant improvement in moderate-tosevere PsO [51] . There are clinical trials ongoing with tofacitinib in patients with PsO and/or PsA; in addition, trials are registered at clinicaltrials.gov, but have not yet commenced, of tofacitinib in patients with PsA.
Conclusion
There have been significant advances in the detailed genetic and immunologic factors implicated in the pathophysiology of PsA in recent years. Many of these advances have been informed by rapid improvement in technologies, with respect to genomics and molecular biology, and by our increased knowledge of the immunology of inflammatory autoimmune diseases including RA and PsO. The exciting progress of drug development outlined in this article is, in part, directly related to the translational research and implementation of knowledge gained and to advanced technology in the past two decades. The challenges for clinicians and rheumatologists remain complex: how can patients be identified at the earliest timepoint; can we develop useful new biomarkers for early diagnosis and prognosis; and, finally, can we personalise the growing number of therapeutic interventions to individuals or groups of patients?
